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Abstract. Serum levels of free insulin-like growth factor (IGF)-I were measured by immunoradiometric 
assay (IRMA) in fasting sera of 137 normal boys and 120 normal girls aged from 8 to 15 yr to study 

relationships between free lGF-1 levels and ages, total lGF-1, IGF binding protein (IGFBP)-l, lGFBP-3, and 
acid-labile subunit (ALS) levels. In both sexes, serum free lGF-1 levels and the ratios of free lGF-1 to total 
IGF-I were significantly higher in the pubertal age groups than in the prepubertal age groups. Serum levels 
of free IGF-I showed a significant positive correlation with those of total IGF-I, IGFBP-3 and ALS, while they 
showed a significant negative correlation with those of IGFBP-1 . These observations suggest that increase in 
serum free lGF-1 levels during puberty is caused by a dramatic increase in total lGF-1, rather than lGFBP-3, 
and a decrease in IGFBP-1. Also, high free IGF-I levels may play an important role in pubertal growth spurt. 
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Introduction 

Most of the circulating insulin-like growth 
factor (IGF)-I is bound to IGF-binding proteins 
(IGFBPs), and small amounts of IGF-I are present 

in the free form, which is called free lGF-1 (1, 2). 
Since the free form is more freely transferred to the 
tissues, free IGF-I is suggested to have more potent 
biological action than the complex forms of IGF-I 
(3-8). Two different methods are currently used 
for the estimation of free lGF-1 levels. One is 
ultrafiltration by centrifugation (UF) (9) and the 
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other one is direct immunoradiometric assay 
(IRMA) (10). There is a difference between these 
two methods: IRMA measures free plus readily 
dissociable IGF-I, while UF measures only free IGF- 
I (11). Recently specific immunoradiometric 
assays (IRMA) have been developed, and have 
demonstrated that serum free lGF-1 levels are age- 
and sex-dependent (7, 8, 12, 13). Serum free IGF-I 
levels have also been demonstrated to show a 
significant circadian variation that exhibits a 
nocturnal decrease and an increase in the morning 
in healthy children (14). 

In the present study, we measured serum free 
IGF-I levels in fasting sera of 137 normal boys and 
120 normal girls aged from 8 to 15 yr to study their 
age- and sex-related changes, and relationships 
between free IGF-I levels and total lGF-1, lGFBP-1, 
lGFBP-3, and acid labile subunit (ALS) levels. 
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Subjects and Methods 

Subjects 

The subjects were 137 healthy Japanese boys 
and 120 healthy girls aged from 8 to 15 yr. 
Children with short stature, obesity and 
endocrinological abnormalities were excluded. 
The serum samples were obtained for screening of 
hyperlipemia in 1993 and had been frozen. Using 
the serum samples without abnormal biochemical 
data, we measured free IGF-I, total IGF-I, IGFBP-1, 
IGFBP-3 and ALS levels in 1996 and 1997. The 
serum samples had been obtained after overnight 
fasting, which is very useful for minimizing the 
effects of diurnal changes in free lGF-1 and IGFBP- 
1 levels (14, 15). 

Measurements 

Free IGF-I, total IGF-I, IGFBP-1, IGFBP-3 and 
ALS levels were determined in the same serum 
samples. Serum free IGF-I levels were measured by 
an IRMA kit (Diagnostic Systems Laboratories, 
Inc., Webster, TX, USA); the sensitivity is 0.03 ng/ 
mL, the coefficient of variation in the intra-assay 
was 3.3-10.3% and the coefficient of variation in 
the inter-assay was 7.7-10.7%. Serum total IGF-I 
levels were measured by radioimmunoassay (RIA) 
as reported previously (16). Serum IGFBP-1 levels 
were measured by an immunoenzymometric assay 
(lEMA) kit (Medix Biochemica Ab, Kauniainen, 
Finland), serum IGFBP-3 levels measured by an 
RIA kit (Eiken Chemical Co., Ltd., Tokyo, Japan), 
and serum ALS levels were also measured by an 
RIA kit (Bioclone Australia Pty., Ltd., Marrickville, 
New South Wales, Australia). 

Statistical analysis 

Since free IGF-I, total IGF-I, IGFBP-1, IGFBP-3 
and ALS levels showed a normal distribution of the 

data that had been converted logarithmically, we 
analyzed the data in the logarithmic state. 
Differences in the hormone levels and ratios 
among the age groups were tested by analysis of 
variance. Correlation between the different 



variables was estimated by linear regression 
analysis. P-values less than 0.05 were considered 
to be statistically significant. 

Results 

In normal children, serum free IGF-I 
increased with age in both sexes (Fig. 1). In boys, 
a statistically significant increment in free IGF-I 
levels over the consecutive age group was observed 
at 12 yr (Fig. lA). In girls, statistically significant 
increments in free IGF-I levels occurred at 10 and 
13 yr, and a statistically significant decrement in 
free IGF-I levels was observed at 15 yr (Fig. IB). 

Serum total IGF-I also increased with age in 
both sexes (Fig. 2). A statistically significant 
increment in total IGF-I levels was observed at 12 
yr in boys (Fig. 2A) and at 1 1 yr in girls (Fig. 2B). 

The ratios of free to total IGF-I were 
significantly higher in boys aged 12-13 and 14-15 
yr than in boys aged 8-9 and 10-11 yr (Fig. 3A). 
The free to total IGF-I ratios were significantly 
higher in girls aged 12-13 and of 14-15 yr than in 
girls aged 8-9 yr (Fig. 3B). 

Serum IGFBP-3 increased with age in both 
sexes (Fig. 4). A statistically significant increment 
in IGFBP-3 levels was observed at 12 yr in boys 
(Fig. 4A) and at 1 1 yr in girls (Fig. 4B). 

Serum IGFBP-1 gradually decreased with age 
in both sexes (Fig. 5). A statistically significant 
decrement in IGFBP-1 levels was observed at 12 yr 
in boys (Fig. 5A) and at 1 1 yr in girls (Fig. 5B). 

Serum free IGF-I positively correlated with 
total IGF-I, IGFBP-3 and ALS, and negatively 
correlated with IGFBP-1 (Table 1). 

Table 2 shows the levels of free IGF-I, total 
IGF-I, IGFBP-1, IGFBP-3 and ALS in the present 
study; Mean ± SD in logarithmically converted 
data and -2SD to +2SD in raw data. 

Discussion 

Although serum free IGF-I levels in normal 
children, in patients with growth hormone 
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Fig. 1 Serum free IGF-I levels in normal boys (A) and girls (B). Individual values are shown by the dots. 
The means and means ± 2SDs (logarithmic converted data) in each age group are shown by the lines. 
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Fig. 2 Serum total lGF-1 levels in normal boys (A) and girls (B). Individual values are shown by the dots. 
The means and means ± 2SDs (logarithmic converted data) in each age group are shown by the lines. 



deficiency, and in patients with precocious 
puberty have been previously reported (5-8, 12, 
13), they were determined in non-fasting samples. 
Since Heuck et al. reported circadian variation in 
serum free ultrafiltrable IGF-I concentrations in 
healthy children (14), fasting samples obtained at 
similar times of day would be preferable to assess 
age- and sex-dependent changes in the free IGF-I 



levels. In the present study, we determined the 
free IGF-I levels in the fasting samples obtained in 
the morning. We observed significantly higher 
ratios of free to total IGF-I in pubertal age groups 
than in prepubertal age groups, while Yamada et al. 
and Kawai et al. did not observe any increase in 
these ratios (12, 13). This difference might 
conceivably be caused by the difference in the time 
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Fig. 3 Ratios of serum free to total IGF-1 in normal boys (A) and girls (B). The columns indicate 
the means. The vertical bars indicate ISD. *; p<0.0001, **; p<0.0005. 
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Fig. 4 Serum IGFBP-3 levels in normal boys (A) and girls (B). Individual values are shown by the dots. 
The means and means ± 2SDs (logarithmic converted data) in each age group are shown by the 
lines. 



of serum sampling. 

We observed significant increases in the mean 
free and total IGF-I levels at the age of 12 yr in boys, 
which is close to the average age of peak pubertal 
height velocity in Japanese boys, and in the mean 
free IGF-I levels at the age of 10 yr and in the mean 



total IGF-I levels at the age of 1 1 yr in girls, w^hich 
are close to average age of peak pubertal height 
velocity in Japanese girls. Although we also 
observed a significant increase in mean free IGF-I 
levels at the age of 13 yr in girls, it seems that this 
apparent increase was caused by the relatively low 
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Fig. 5 Serum IGFBP-1 levels in normal boys (A) and girls (B). Individual values are show^n by the dots. 
The means and means ± 2SDs (logarithmic converted data) in each age group are shown by the 
lines. 
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free IGF-I levels in 12-yr-old girls in the present 
study. Furthermore, a significant decrement in 
free IGF-I levels was observed in 15-yr-oId girls, 
which is over the average age of peak pubertal 
height velocity in Japanese girls. 

High ratios of free to total IGF-I were reported 
in sera samples from early infancy and normal 
pregnancy, and were attributed to increased 
IGFBP-3 proteolytic activity (7, 17). In present 
study, we observed that free and total IGF-I and 
IGFBP-3 levels increased, while IGFBP-1 levels 
decreased during the pubertal period. Pubertal 
decrease in IGFBP-1 is ascribed to increased 
insulin secretion during puberty (18). It is known 



that IGF-I also binds to IGFBP-1 (11); and it is also 
well known that growth hormone (GH) secretion 
increases during puberty. IGF-I, IGFBP-3 and ALS 
are GH dependent factors (13, 16, 19, 20) and free 
IGF-I is also assumed to be GH dependent (Table 
1), since serum free IGF-I levels have been found to 
be decreased in patients with growth hormone 
deficiency (GHD) (5, 8, 13). We think that the high 
free IGF-I levels and the high ratio of free to total 
IGF-I during the pubertal period are attributable to 
the more dramatic increase in total IGF-I levels 
than that in IGFBP-3, caused by increased GH 
secretion, and to the decrease in IGFBP-1 along 
with pubertal maturation caused by increased 
insulin secretion during puberty. 

Since free IGF-I is GH dependent and a more 
potent biological stimulator to bone than GH itself, 
we hypothesize that increased IGF-I levels during 
puberty have an important role in the pubertal 
growth spurt, although we didn't have any 
auxological data in this study. Sex steroid 
hormones mainly regulate pubertal growth, since 
patients suffering from both precocious puberty 
and GHD develop pubertal growth spurt without 
GH treatment (2 1). However, GH also contributes 
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Table 2 Mean ± SD (logarithmic converted data) and -2SD to +2SD (raw data) of total IGF-1, free IGF-1, 
IGFBP-1, IGFBP-3 and ALS 
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to the pubertal growth spurt, since GH secretion 
increases during puberty and the pubertal growth 
spurt in GHD is small without GH treatment (22). 

The high ratios of free to total IGF-I might also 
play a role in the pubertal growth spurt, although 
the ratios further increased in late puberty when 



growth velocity decreases. Although the ratios 

further increased in late puberty when growth 
velocity decreased in this study, the situation is the 
same as the relation between sex steroid hormones 
and growth velocity during puberty. Sex steroid 
hormones increase along with pubertal maturation 
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and reach an adult level, but the growth velocity 
decreases in the late pubertal period. The decrease 
in growth velocity in the late puberty is mainly 
regulated by bone maturation toward epiphyseal 
fusion and not by growth factors or sex steroid 
hormones. 

In conclusion, increased free IGF-I levels 
during puberty were caused by dramatic increase 
in total lGF-1 levels, rather than that in lGFBP-3, 
and by a decrease in IGFBP-1. Also, IGF-I levels 
may play some role in the pubertal growth spurt. 
These findings strengthen further the concept that 
pubertal increase in GH secretion serves a role in 
generating the growth spurt. 
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